
Send Orders for Reprints to reprints@benthamscience.ae 

 The Open Dentistry Journal, 2015, 9, (Suppl 2: M2) 263-266 263 

 

 1874-2106/15 2015 Bentham Open 

Open Access 

Analysis of Pharyngeal Airway Using Lateral Cephalogram vs CBCT  
Images: A Cross-sectional Retrospective Study 

Pegah
 
Bronoosh and Leila Khojastepour

*
 

Department of Oral and Maxillofacial Radiology, Dental School, Shiraz University of Medical Science, Shiraz, Iran 

Abstract: Background: As the basic biological relationship of form and function, changes in the normal pattern of naso-

pharyngeal space can profoundly affect the development of the craniofacial growth. The lateral cephalogram, part of the 

patient’s normal records for orthodontic treatment, may show some of these changes either at the initial examination or 

later during treatment. The validity of the information the lateral cephalogram may present, have been questioned previ-

ously. The aim of this study was to assess correlation between the area and the volume measurements of pharyngeal air-

way size in a lateral cephalogram and a 3-dimensional (3D) cone-beam computed tomography (CBCT) scan in adolescent 

subjects. Materials and Methods: CBCT scan and a lateral cephalogram of 35 subjects which were taken within 1 week 

were included in this study. Airway area of the region of interest from the lateral cephalogram and airway volume over the 

same of region of interest from the CBCT scan were assessed for all patients. The correlation between the area and the 

volume measurements were evaluated statistically by Pearson’s correlation coefficient test. Mann Whitney U Test was 

used for comparing the area and the volume measurements in different sex. Results: Strong correlation was found between 

lateral cephalogram and CBCT measurements of pharyngeal airway. (r=0.831). Conclusion: Pharyngeal airway area on a 

lateral cephalogram is correlated strongly with volumetric data on CBCT images. Henceforth the use of CBCT images for 

volume measurements in orthodontic patients can aid in the better evaluation of airways and acted as a diagnostic instru-

ment in this area.  
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INTRODUCTION 

The relationship between respiratory pattern disorders 
and changes in craniofacial growth has been extensively de-

bated in the literature [1, 2]. Neuromuscular adaptations, 

nasopharyngeal obstruction, growth, breathing, and speech 
are affected seriously by airway function [1, 3]. Also, Upper 

airway dimensions have been considered contributing factors 

to obstructive sleep apnea [4]. This factor is very important 
especially in growing patients with skeletal discrepancies 

and clinical signs of adenoid faces. Some studies described 

that airway disorder is a common cause of malocclusion and 
leads to the classic appearance of adenoid face [5].

 
Other 

studies have evaluated the
 
upper airway in patients with dif-

ferent
 
skeletal patterns [6-10].  

Although airway restrictions can clear spontaneously 

over time, their effects during periods of facial growth can 
have serious and long-lasting influence on dentition, speech, 

and craniofacial development which is best evaluated by 

experimental studies. So, orthodontists need credible diag-
nostic tools that provide precise information to both them-

selves and the medical specialists involved [11]. Only lim-

ited and subjective evaluations of possible airway problems 
are completed by the orthodontist, usually from a lateral 

cephalogram [9, 12-14].
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However, this diagnostic tool to examine the anatomical 
features of airway is inadequate [11]. A 2D representation of 
a 3-dimensional (3D) structure causes severe limitations as 
distortion, differences in magnifications, superimposition of 
the bilateral craniofacial structures [15-17]. Another limita-
tion of this radiograph is the lack of information about cross-
sectional area and volume.  

Recently, CBCT technology aided in the evaluation of 
airways and acted as a diagnostic instrument in this area. 3D 
object is reconstructed from raw data, so magnification is not 
an issue. The generated image by CBCT is isotropic and 
linear and angular measurements are reliable and anatomi-
cally accurate [18]. However this technology is not as avail-
able as conventional radiographs, besides, orthodontic pa-
tients are not routinely referred for CBCT examination ac-
cording to guidelines [19].

Henceforth, it was decided to assess the correlation be-
tween the area and the volume measurements of pharyngeal 
airway in a lateral cephalogram and a 3D CBCT scan in ado-
lescent subjects. 

METHODS AND MATERIALS 

In this retrospective, cross-sectional study, all consecu-
tive adolescents referred to a private imaging center for 
CBCT image were included over 8 months. The project was 
approved by the Committee on Research at Shiraz University 
of medical science, International branch (approval no# 
8691036). 
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All subjects with a CBCT scan and a lateral cephalogram 
taken within 1 week were included in the study. CBCT scans 
in the present study were taken in upright position to avoid 
the airway space modification between radiographs taken in 
supine and upright positions. The most common reason for 
CBCT referral was temporomandibular joint evaluation and 
impacted tooth. Subjects were excluded if they wore a bite 
splint, or had a documented craniofacial anomaly or previous 
orthognathic surgery or were less than 20 years old. The 
convenience sample size was used in this study and post 
analysis power will be assessed based on correlation coeffi-
cient value at significant level =0.05. 

98 possible subjects were examined, and 35 met the in-
clusion criteria. The most common reason for exclusion of a 
subject was that the 2 sets of images were not taken within 1 
week of each other.  

Lateral 2D cephalograms were taken by Cranex D (Sore-
dex, Finland) under standardized conditions (KVP=70 & 
mA=10) with a magnification of 9.8%. The cephalograms 
were then scanned at 150 to 300 dpi for analysis.  

Three-dimensional CBCT volume scans were obtained 
by using the same NewTom VGi computed tomography ma-
chine (Quantitative Radiology, Verona, Italy) in maximum 
field of view (FOV =15 15) 

Lateral cephalogram studies of the airway have included 
both linear and area measurements based on specific cepha-
lometric landmarks.  

The following anatomic structures as seen on the lateral 
cephalogram were used as boundaries of the pharyngeal air-
way for all subjects: (1) The superior border was defined by 
the edge of the hard palate to the posterior of the pharynx 
(extension of ANS to PNS); (2) The inferior border the tip of 
the epiglottis on a plane parallel to line 1. (3) The plane per-
pendicular to the line 1/2 from PNS extending to the inferior 
border. These same planes were transferred into the 3D scan 
to measure airway volume over the same anatomic bounda-
ries (Fig. 1). 
 

 

Fig. (1). (A) Sagittal cross section through mid sagittal plane shows 

the superior & inferior border of region of interest. (B) Axial cross 

section through epiglottis show area of region of interest at the level 

of epiglottis. 

 
The CBCT axial reconstruction plane was re-oriented for 

each patient based on three reference planes: axial plane,
coronal plane, sagittal plane. Airway volumes were deter-
mined from the summation of the airway area by using 0.8 to 
1 mm axial CBCT slices over the vertical height of the pha-
ryngeal airway determined from the lateral cephalogram. 

The following measurements of the pharyngeal airway 
space were made for each case: (a) 2D measurements; air-
way area of the region of interest from the lateral cephalo-
gram; (b) 3D measurements; airway volume over the same 
of region of interest from the CBCT scan, with all segmented 
3D volumes in this study at the same scale and magnification 
for comparison. 

Statistical Analysis 

Bivariate correlation coefficient (r) was determined by 
Pearson correlation coefficient test to assess correlation be-
tween the area and the volume measurements. Mann Whit-
ney U test was used for assessing the sex differences in 2D 
and 3D measurements. All statistical analyses were per-
formed using SPSS software 18 (Chicago, USA). 

RESULTS 

The airway area and volume were measured for all sub-
jects who met the inclusion criteria. The sample consisted of 
23 female and 12 male with mean age of 21.74± 2.63 years 
old. Post analysis power based on correlation coefficient 
value r=0.831 at significant level =0.05 was 99%. 

There was more variability in volume than in area as a 
percentage of the means. There was also a much wider range 
in the volume determined as a percentage of the means.  
(Table 1) Correlation coefficient r=0.831 suggest a positive 
association between two methods of measurements (Table 1).  

The Comparison of pharyngeal air way 3D and 2D meas-
urements between different sexes were summarized in Table 2. 
Based on available data both area and volume of pharyngeal 
airway were significantly greater in male patients. 

DISCUSSION  

Previous studies on airway, attempted to quantify airway 
restriction and function by morphologic or functional 
measurements [13, 20-23]. Lateral Cephalograms have been 
mostly used for the upper airway evaluation in orthodontics, 
with specific landmarks to characterize the airway [23].  

This study was primarily designed to evaluate the clinical 
value of cephalograms as a tool for pharyngeal airway as-
sessment, compared with quantification of the 3D morphol-
ogy of the pharyngeal airway with CBCT scans.  

The airway in adolescents’ changes rapidly; therefore, 
the CBCT scan and the lateral cephalogram needed to be 
taken at the same time for accurate comparison. Even though 
the cutoff point for the images was 1 week, most subjects 
had images taken at the same time. 

The overall patency of pharyngeal airway can be evalu-
ated through cephalogram. However, there is a tendency to 
believe that 2D view of the airway space does not give an 
accurate indication of the complexity of this structure or its 
true size [11, 16, 17]. Our results indicate that, the lateral 
cephalogram can provide valuable information about severe 
restrictions and morphology of airway space. Aboudara et al. 
also found a moderately high (r = 0.75) correlation between 
airway area and volume in lateral cephalograms and CBCT; 
the larger the area, the larger the volume [13]. The study 
conducted by Lenza et al. also presented a good correlation 
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Table 1.  Descriptive statistics of airway area and volume. 

Measurements n Mean± SD Max Min r P value 

Area mm2 35 325.24±85.38 540.13 205.2100 

Volume mm3 35 3398.11±1226.85 5876.12 1835.23 

0.831 0.000 

 
Table 2.   Comparison of pharyngeal air way 3D and 2D measurements, between different sexes. 

Sex Volume in CBCT 3D P 
*
 Area in Cephalogram 2D P 

*
 

Male 4429.8 (4198±1008) 380.8 (370.1±60.9) 

Female 2565.2(2980±1134.5) 

0.007 

282.4(301.9±88) 

0.005 

*Mann Whitney Test 

 
(0.8 < r < 0.9) between area and volume in the upper part of 
the velopharynx [15].

 

 Airway function can affect on facial morphology over a 
long time. Although there is still some controversy about 
airway function and its effect on facial morphology, naso-
pharyngeal impairment was found in most of patients with 
increased anterior face height. This can have adverse conse-
quences on dental function and esthetics [3, 21-25]. 

This is a starting point for the ability of anesthesiologists 
to manage the airway in patients known or suspected to be 
difficult for intubation. In these cases a lateral head film may 
be of more value than clinical tools such as history and ex-
amination. 

Although present study showed strong correlation be-
tween lateral cephalogram and CBCT images, CBCT tech-
nology gives a new insight into the anatomical landmarks 
not visible on 2D cephalograms and allows to measure real 
distances and angles that helps to correctly evaluate growth 
and development of the craniofacial complex [26].

 
For in-

stance, clinical malocclusion is a 3D manifestation; however, 
a clinician usually focuses on anteroposterior correction in-
stead of evaluating vertical and transverse dimensions as 
well. So, besides airway assessment in 3D aspect, CBCT 
images have the potential of a 3D malocclusion description.

 

Functional tests did not performed in this study, so intro-
ducing a threshold to show to what extent airway volume can 
affect the function is not possible. Further studies are needed 
to address this question.  

Some studies admit that resistance to airflow is related to 
both size and shape of airway passageway [14, 27].

 
3D 

evaluation of airway may also better discriminate the pha-
ryngeal airway shape and help to diagnose the airway prob-
lems more effectively.  

CONCLUSION 

Based on the limited sample used in the present study, 
the results suggest that the pharyngeal airway area on a lat-
eral cephalogram and its true volumetric size from a CBCT 
scan are strongly correlated. Further studies including func-
tional tests should be conducted to understand the extent to 
which airway volume may affect function.  
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